There is growing evidence that an altered metabolism of the amyloid β (Aβ) precursor protein (APP) with progressive deposition of its Aβ fragment is a crucial event in the pathogenesis of AD. Increasing evidence suggests that inflammation and alteration of the cytokine-chemokine network contributes to the pathophysiology of AD. Activated microglia produce multiple pro-inflammatory cytokines, chemokines, and reactive oxygen species (ROS); additionally, Aβ itself can stimulate microglia, astrocytes, and oligodendrocytes to secrete pro-inflammatory cytokines, chemokines, and ROS, which can lead to neuronal damage. The concomitant release of pro-inflammatory cytokines, which influence neurodegenerative pathways, and anti-inflammatory cytokines may contribute to the chronicity of the disease. It is the balance of proinflammatory products and anti-inflammatory products that may be essential in the degenerative process. Influencing this balance may help in slowing the disease. Promising results for neurological disease treatment may be achieved by targeting cytokines and chemokines in the development of antagonists and synthesis inhibitors.
1
Independent of the etiological agents, on a histopathological level AD is characterized by extracellular deposition of amyloid β (Aβ) protein in senile plaques and intraneuronal accumulation of paired helical filaments (PHFs) in neurofibrillary tangles, dystrophic neurites, and neuropil threads. There is growing evidence that altered metabolism of the Aβ precursor protein (APP) with progressive deposition of its Aβ fragment is a crucial event in the pathogenesis of AD. 2 The fibrillar Aβ can bind the complement factor C1 and activate the classic complement pathway. The activated complement products play a key role in the recruitment and activation of microglia at the sites of fibrillar Aβ deposits. 3 In turn, this activated microglia produces multiple pro-inflammatory cytokines, chemokines, and reactive oxygen species that can ultimately influence plaque and tangle formation and can lead to neuronal damage. 4 Additionally, Aβ itself can stimulate microglia, astrocytes, and oligodendrocytes to secrete proinflammatory cytokines, chemokines, and reactive oxygen species (ROS), which can lead to neuronal damage. 5 Qin et al. showed that the entry of pro-inflammatory factors such as tumor necrosis factor-α (TNF-α) to the brain induced the activation of microglia and subsequent production of more inflammatory factors, which may then cause neuronal death. 6 This has clinical implications and, additionally, provides a link between peripheral inflammation and neuroinflammation. Support of the hypothesis that peripheral inflammation may amplify the neuroinflammation, contributing to AD pathogenesis, and that its inhibition may slow the disease progression can be argued from epidemiological findings indicating that prior longterm non-steroidal anti-inflammatory drugs (NSAIDs) are associated with a low risk of developing AD. 7 Increased levels of interleukin (IL)-1, IL-6, and TNF-α have been found both in autopsy specimens and in the peripheral blood of patients with AD. 8, 9 IL-6 has been implicated in the transformation of diffuse neuritic plaques in the AD brain. IL-1 has also been linked to amyloid plaque transition from the diffuse to the dense core stage and the propagation of the inflammatory signal.
Transforming growth factor-β1 (TGF-β1) has been shown to promote Aβ deposition in transgenic mouse models and therefore may exacerbate the amyloidogenic pathology. However, TGF-β1 may also have non- Recent evidence suggests that bidirectional communication occurs between cells of the nervous and immune systems. The aberrant regulation of one system by the cells and products of the other may be responsible for the development of pathological conditions. After activation, microglia secrete pro-inflammatory cytokines and chemokines, followed by ROS and complement protein. 12 The function of all of these molecules is diverse, and likely regulates the intensity and duration of an inflammatory response and plays an important role in orchestrating the behavior of immune cells that can cross the blood-brain barrier (BBB) via their secretion of both cytokines and chemokines. 13 In fact, the interactions between activated T cells and microglia induce the production of inflammatory cytokines. In the brain, IL-1 induces IL-6 and macrophage colony-stimulating factor (M-CSF) production in astrocytes and enhances neuronal acetylcholinesterase activity, microglial activation, and additional IL-1 production. IL-6 activates microglia and promotes astrogliosis. In addition to the upregulation of interleukins, an association of AD with several polymorphisms of pro-inflammatory genes, such as IL-1, TNF-α, and IL-6, has been described. [14] [15] [16] Intracerebral production of anti-inflammatory cytokines such as IL-1 receptor antagonist, IL-4, and IL-10 are consistent with induction of homeostatic mechanisms in neuroinflammation.
Peripheral Cytokines and Chemokines in Alzheimer's Disease
The evidence that a systemic inflammatory reaction may contribute to the pathogenesis of AD is supported by many epidemiological data, by in vitro studies, and by the hypothesis that anti-inflammatory agents may delay the onset and slow the progression of the disease. In the serum and cerebrospinal fluid (CSF) of AD patients, the upregulation of IL-1, IL-6, and TNF-α has been described. Chemokines and nitric oxide are also increased in the same clinical patterns, while IL-4, a modulatory cytokine, has shown a parallel downregulation.
The identification of reciprocal interactions between the brain and the peripheral immune system permits comparison of the functions of the two different districts. 18 An important finding was that cytokines and chemokines, as well as their receptors, are endogenous to both the brain and the immune system. These findings lead to the view that the immune system and brain speak a common biochemical language. There are both morphological and humoral pathways for bi-directional communication between the two systems. 19 One mechanism by which blood-borne cytokines might affect the functions of brain regions is by crossing the BBB for direct interaction with the central nervous system tissue. A saturable transport system from the blood to the central nervous system has been described for IL-1α, IL-1β, interleukin-1 receptor antagonist, IL-6, and TNF-α. 20 In involves the peripheral system, and that the administration of acetylcholinesterase inhibitor (AchEI) downregulates IL-1, IL-6, and TNF-α and upregulates the expression and production of IL-4. 23, 24 This result may suggest that inhibitors of AchE lead to the remodeling of the cytokine network, probably acting on the lymphocyte cholinergic system.
Concluding Remarks
Increasing evidence suggests that inflammation and alteration of the cytokine-chemokine network contributes to the pathophysiology of AD.
The concomitant release of pro-inflammatory cytokines that influence neurodegenerative pathways and anti-inflammatory cytokines may contribute to the chronicity of the disease. It is the balance of pro-inflammatory and anti-inflammatory products that may be essential in the degenerative process; influencing this balance may help in slowing the disease. 
